Introduction
Coxsackievirus A16 (CV-A16) and human enterovirus 71 (HEV71) are both major etiologic agents of hand, foot, and mouth disease (HFMD). The surveillance data indicate that CV-A16 and HEV71 infections independently cause large outbreaks and then become quiescent for a period of a few years [6] .
HEV71 illness is more severe with a significantly greater frequency of serious complications and fatality than illness caused by CV-A16 [2] . In 1997, deaths associated with epidemics of HEV71-associated HFMD in Sarawak, Malaysia, followed by outbreaks with high mortality in Taiwan in 1998 and 2000, raised considerable public concern about the virulence of this virus. Since then, several groups have attempted to describe the molecular epidemiology of HEV71 in the Asia-Pacific region, and have reported the relationships of HEV71 epidemics with the genetic diversity of HEV71 strains [1, 5, 10] . The results indicate that HEV71 strains causing HFMD outbreaks were genetically changed.
On the other hand, the molecular epidemiology of CV-A16 associated with HFMD epidemics has not been fully described [9] . In the present study, we evaluated the relationship between the chronologic CV-A16 epidemics in a restricted area, i.e., Fukushima Prefecture, Japan, and the genetic diversity of the CV-A16 strains. We also
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on August 30, 2017 by guest http://jcm.asm.org/ Downloaded from examined the geographic genetic relationship between the CV-A16 strains isolated in Fukushima and those isolated in other areas of Japan and China, using phylogenetic analyses constructed using the neighbor-joining method on the basis of the VP4 and VP1 sequences.
Materials and Methods
Virus strains. Pharyngeal swab samples were collected from patients with HFMD in the Fukushima Prefecture for virus surveillance and transferred to the Fukushima Institute for Public Health for virus isolation. HEp-2, Vero, and RD-18 cells were used for the isolation of enteroviruses. Confluent cell cultures were seeded in microplate wells and inoculated with 100 µL of maintenance medium and 50 µL of pharyngeal swab samples. The cell cultures were then incubated at 34 o C in 5% CO 2 /95% air and observed for 7 days to check for cytopathic effects. A blind passage was performed once if no cytopathic effect was observed by the end of the observation period. Virus isolates were identified by a neutralization test using anti-CV-A16 polyclonal antibodies The methods of molecular diagnosis of enteroviruses by nested reverse-transcription (RT) -polymerase chain reaction (PCR) and phylogeny-based classification using the VP4 sequences are described elsewhere [7] . Briefly, viral RNA was directly extracted from 100 µL of the stock virus samples using the Smitest R kit (Genome Science Laboratories), according to the manufacturer's instructions. The RNA was dissolved with 10 µL of RNase-free distilled water containing 40 U of ribonuclease inhibitor (RNasin; Promega) and 50 pmol of a reverse primer, OL68-1 [nt 1178-1197, primer pair allowed for amplification of 753 bp and the semi-nested PCR primer pair allowed for amplification of 656 bp. The final PCR products encoded the 3' one-third of the 5' non-translated region, the entire VP4, and the 5' one-third of VP2 of each CV-A16 strain. The PCR products, including the entire VP4 sequences, were separated in 1% agarose gels and purified with a QIA quick-gel extraction kit (Qiagen). The nucleotide sequence was determined using a 373A DNA auto-sequencer (PE-Applied Biosystems) with fluorescent dideoxy chain terminations (PE-Applied Biosystems) and EVP4 and OL68-1 primers.
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Phylogenetic analysis based on the VP4 gene. The entire VP4 nucleotide sequences of the 129 strains isolated in Fukushima were determined and used for phylogeny-based
on August 30, 2017 by guest http://jcm.asm.org/ Downloaded from analysis along with those of 64 prototype enterovirus strains. We estimated the evolutionary distances using the Kimura two-parameter method [8] and constructed unrooted phylogenetic trees with the neighbor-joining method [14] . Bootstrap analysis was performed by resampling the data sets 1000 times. Bootstrap values greater than 70% were considered to be statistically significant for the grouping. The VP4 sequences of representative 54 CV-A16 strains isolated in Fukushima were also compared with those of 20 strains isolated in other areas of Japan, 29 strains in China, and 1 strain in the United Kingdom taken from international databases (GenBank) using phylogenetic analysis.
PCR and phylogenetic analysis based on the VP1 gene. To confirm the relevance of genogrouping based on the VP4 region, we used the phylogeny-based classification methods using the VP1 sequences that were reported by Oberste et al [12] . Twenty-five CV-A16 strains isolated in Fukushima were randomly selected and their VP1 regions were amplified using two sets of primer pairs, i.e., 055/VP3-011/2A and 055/VP3-009/2A. The VP1 sequences were determined and compared using phylogenetic analysis with those of 28 strains isolated in China and 1 Taiwan strain taken from international databases. 1985, 1988, 1991, 1995, 1998, and 2002 . This epidemic pattern is very similar to that observed in Japanese national surveillance data ( Although the clustering seemed to be more closely related to the period of isolation rather than the area of isolation, the VP4 sequences of strains isolated in Japan were not identical to those isolated in China during the same time period. The GenBank accession numbers of the nucleotide sequences of 54 representative CV-A16 isolates in To clarify whether the genetic diversity occurred as clusters in the VP4 gene or scattered across the gene, the entire VP4 nucleotide sequences of all strains were aligned (Fig. 4) . Common genetic diversities were observed in each genogroup. They did not form clusters, but appeared randomly throughout the VP4 gene.
Phylogenetic analysis based on the VP1 gene. To confirm the relevance of genogrouping based on the VP4 region, bootstrap analysis was performed using VP1 sequences of 25 CV-A16 strains isolated in Fukushima and 29 strains isolated in other countries. The analysis based on the VP1 gene revealed three genetically distinct groups, and the grouping was completely identical with the results based on the VP4 gene (data not shown). Bootstrap values for the grouping of A, B, and C based on the VP1 gene were 97%, 81%, and 100%, respectively, and were higher than those based on the VP4 gene (90%, 39%, and 71%, respectively). proportion of CV-A16 isolates relative to total enterovirus isolates fluctuated widely, from 0% in 1983, 1986, and 1999 to 35.3% in 2002 . Peaks of CV-A16 isolations from HFMD occurred in the years 1985, 1988, 1991, 1995, 1998, and 2002 [6] . This epidemic pattern is very similar to that observed in the Japanese national surveillance data ( Fig. 1) [6]. Those observations indicate that CV-A16 follows an epidemic mode of transmission, causing large outbreaks and then becoming quiescent for a period of a few years. Similar quiescence between outbreaks is observed in the meningitis epidemics caused by echovirus type 30. The quiescence is probably due to the development of population immunity that occurs during a high-infection-rate epidemic. The virus might cause only sporadic cases until a large cohort of non-immune individuals has developed, often over a period of several years, setting the stage for another large epidemic [12] .
Phylogeny-based classification using the VP4 sequence is useful for the identification of human enteroviruses [3, 4] . The method takes advantage of the detection of the divergence in VP4 sequences both between and within serotypes, and thus is also of use for global epidemiologic studies of enteroviruses [1, 5, 7] . We investigated the genetic diversity of CV-A16 strains associated with HFMD epidemics in the Fukushima Thus, the use of the shorter VP4 gene might be helpful for HEV71 surveillance, but the VP1 gene should be used for confirming data obtained with VP4-based analysis [1] .
Therefore, we confirmed the data obtained from the analysis based on VP4 genes of CV-A16 isolates using VP1-based analysis. Phylogenetic analysis based on the VP1 gene demonstrated the existence of three genetically distinct groups, and the grouping was completely identical with the result obtained with VP4-based analysis. Bootstrap values for the grouping of A, B, and C based on the VP1 gene were higher than 80%, while those for the grouping of A and C based on the VP4 gene were higher than 70%.
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Although bootstrap values are slightly higher in the VP1 dendrograms than in the VP4 dendrograms, the VP4 gene as well as the VP1 gene seems to be appropriate for the epidemiologic study of CV-A16. In conclusion, phylogenetic analysis based on the VP1 gene confirmed that CV-A16 strains isolated in Fukushima formed three genogroups and each genogroup formed the same cluster with CV-A16 strains isolated during essentially the same time period in China.
In summary, we describe the evident genetic diversity and changes in the VP4 protein region of CV-A16 strains that were isolated in a restricted region through more than 20 successive epidemics. Our results indicate that CV-A16 strains causing HFMD had genetically changed twice during the period and those CV-A16 strains might have been transmitted overseas. We conclude that the repeated outbreaks of CV-A16-related HFMD might be caused, in part, by the worldwide transmission of the genetically changed CV-A16 strains, as well as a large cohort of non-immune individuals. To test this hypothesis, a worldwide surveillance system for HFMD and genetic analysis of isolated CV-A16 strains is necessary. and were denoted in the figure. Isolated place, strain name, and isolated year were indicated. GenBank accession number of one isolate to represent isolates with identical sequence was also indicated in parenthesis. CA-A16/G-10/51 is prototype CV-A16 strain. The VP4 nucleotide sequence of prototype HEV71/BrCr/71 was used as an outgroup in the analysis. Figure 3 Phylogram depicting the phylogenetic relationships on the basis of the VP4 sequence among representative 54 CV-A16 strains isolated in Fukushima and 50 CV-A16 strains isolated in Japan, China, and UK taken from international databases (GenBank).
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Bootstrap analysis was performed by resampling the data sets 1000 times. Bootstrap values greater than 70% were considered to be statistically significant for the grouping and were denoted in the figure. Isolated place, strain name, and isolated year were indicated. GenBank accession numbers of CV-A16 strains isolated in Fukushima and the strains taken from international databases were indicated in parenthesis.
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